(Hamamatsu, C2741-08) with an image intensifier, and recorded by a digital video recorder (SONY, DSR-30) throughout a digital processor (Hamamatsu, in order to decrease the white noise.
λ-phage DNA molecules were stained with YOYO-1 (MolecularProbe, Y-3601). A poly L-lysine solution (5.0 mg/mL, 20 mL) was pipetted onto a cover slip to coat its surface of a cover slip. Two bronze-electrodes (10 mm × 10 mm, 0.1 mm thick) were set onto the cover slip with a separation of 5 mm, and a dc voltage of 20 V was then applied. 2 The YOYO-1 molecules dissolved in TAE buffer 2 (490 mL, pH = 8.4), which was made of Tris (0.04 mol/L), glacial acetic acid (0.04 mol/L), EDAT·2Na (1.0 mmol/L), distilled water and NaOH (for pH-adjusting) solution, was mixed with melcaptoethanol (2.5 µL) in order to reduce any breaching effect. Finally, the DNA molecules were added into the solution. The final concentrations of DNA and YOYO-1 were 8.25 × 10 -13 mol/L and 5.0 × 10 -7 mol/L, respectively. The solution flow speed generated by the dc voltage was 7.0 mm/s and the flowing DNA molecules were clearly observed as small fluorescent spots. Among the flowing DNA molecules with a shrunk form, some DNA molecules were stretched by attaching to the surface. Fluorescent images of the stretched DNA are shown in Fig. 2 (upper) along with their time codes. When the fluid flow was stopped by cutting the dc voltage (t = 0.00 s), the stretched DNA molecules started to shrink to become a small shrunk form (t = 1.3 s). This motion was simulated as a damped vibration, while other researchers had reported this kinetics as a relaxation phenomenon of polymers. 3, 4 The theoretical model was a quite simple springand-bead model. The differential equation of the dumping vibration was mẍ + cẋ + kx = 0, where m, c, k, x and t are the mass, a constant number of the force proportional to the speed, the spring constant, the length of a DNA molecule, and the time, respectively; c = 3πηd, 5 where d and h are the diameter of the sphere and the solution viscosity, respectively; d = 2.3 mm and η = 1.0 × 10 -3 Pa·s of the water were used in the calculation.
The calculated dumping oscillation curve of the DNA molecule is shown in Fig. 2 (lower) together with the experimental results (open circles). By applying the calculation to five different DNA molecules, we obtained a spring constant of 1.1 × 10 -8 -2.5 × 10 -8 N/m, which corresponds to a tension of ∼0.05 pN under the experimental condition. By comparing with a reference, 6 the tension was found to be very different. The cause of this difference was possibly due to a slower speed of the fluid flow, and the shorter length of the DNA molecule. A longer DNA length should receive more drag force by the faster fluid flow. It is also possible for the YOYO-1 molecules to affect the physical strength of the DNA structure. This was indirectly proved by a photocleavage phenomenon of DNA molecules. The change in the physical strength of the DNA molecule may be one of the reasons that the obtained spring constant and the tension were small.
In summery, with PFVS, the kinetics of the DNA molecule was clearly observed and analyzed by a numerical calculation. This experiment suggests that the PFVS system has a potential to be a superior microscope system for nano-kinetics. It is also possible to apply this system to study single-molecular imagings. 
